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The chemical industry is still heavily reliant on fossil carbon sources. With pressing climate protection targets, 

identifying alternative, circular carbon sources that do not negatively impact the natural carbon cycle is crucial. 

One major source is the chemical recycling of waste to produce green base chemicals, such as methanol (MeOH). 

Especially, the potential of industrial waste has not been quantified sufficiently yet, as data gathering and 

regionalisation is challenging. This study uses an open-source data approach to transparently analyse the spatially 

explicit technical carbon potential of biogenic industrial wastes in Germany. 

 

 Firstly, important biogenic industries in Germany were identified via data from the German Biomass 

Research Centre (Naegeli de Torres, 2023). The total amount of residues (physical resource) per industry was 

calculated and updated to the reference year 2023. For the regionalisation of industrial waste via Geoinformation 

(GIS) data, the Pollutant Release and Transfer Register was used both for identifying production locations and as 

a disaggregation key. Thereby, the total amount of non-hazardous waste is used for the allocation of the 

German-wide amount to the NUTS3 level. Where the nature of the industry is too decentralised for this approach, 

other open data sources were used for the disaggregation. A total of five potentials (physical resource, physical 

carbon, theoretical carbon, mobilisable theoretical carbon, and technical carbon) are derived to clearly identify 

challenges in the utilisation of resources and in coherence with the waste hierarchy. 

 

Figure 1 Regionalised distribution of the physical carbon potential of six different industrial residue types 

 Although they do not possess the highest physical resource potential, biogenic wastes from the 

food-processing industry, such as those from oil mills or grain mills, have a significant physical carbon potential. 

This is primarily due to their high carbon content. Black liquor as well as residues from sugar production also 

possess a significant physical carbon potential but due to their high-water content are excluded in the theoretical 

one. This is because long-distance economic transport to a conversion plant is hardly possible. It is advised that 

they are used on a regional scale instead. In the mobilisable theoretical potential, all parts of the potential that are 

in a higher order usage form than chemical recycling are excluded. This results in a dominance of by-products of 

the wood-processing industry and sawing mills as they are currently bound to a significant share in energetic usage. 



 

 

In contrast, e.g. residues from oil mills fall short, with a high percentage being in high-order usage (e.g. feeding). 

Next to the overall potentials, also regionalised ones are derived. Figure 1 shows the regional distribution of the 

physical carbon potential of the six important biogenic industries: sawing mills ((a) bark and (f) by-products of the 

wood processing industry), cellulose production ((b) black liquor), grain mills (c), oil mills (d) and sugar 

production (e).  

 

 The sum of the spatially explicit mobilisable theoretical carbon potential specific for green MeOH 

production is dominated by sawing mills as seen in Figure 2 and sums up to a total of 2.45 MtC/a. Ideal conversion 

plant locations are therefore close to high-potential NUTS3 regions such as in the South or Northwest. The sum 

of the total technical carbon potential from all industrial residues, including realistic conversion losses, sums up to 

882 ktC/a which is 8 % of the current material carbon demand of the German chemical industry (Agora Industry, 

2023). The results illustrate the high regional significance of industrial biogenic residues for the defossilisation of 

the chemical industry. They also support informed decision-making of promising large-scale conversion plant 

locations. 

 
Figure 2 Sum of the mobilisable theoretical carbon potential of all six industrial biogenic residues regionalized to a NUTS3 

level 
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